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Clinical Question Box

What is the effectiveness and safety of adjuvant therapy with t-PA in acute ischemic stroke?

There is limited evidence supporting the use of tirofiban plus t-PA in acute ischemic stroke,
showing a statistically significant improvement in functional recovery, as measured by the
modified Rankin Scale, without an increased risk of mortality. In contrast, the use of eptifibatide
or argatroban as adjunctive therapies with t-PA is not recommended, as neither demonstrated
a significant improvement in functional recovery. Furthermore, argatroban may potentially
increase the risk of mortality.

Abstract

Introduction: Acute ischemic stroke (AIS) is a leading cause of disability and death worldwide. While
tissue plasminogen activator (t-PA) remains a cornerstone of treatment, its efficacy is limited by risks
such as intracranial hemorrhage (ICH). The current systematic review and network meta-analysis
aimed to evaluate the effectiveness and safety of adjuvant antithrombotic therapies combined with t-
PA in AIS. Methods: A systematic search of multiple databases was conducted to identify prospective
clinical trials that compared the efficacy and safety of tirofiban, eptifibatide, and argatroban in
adjunctive therapies to t-PA in AIS. The primary outcomes included functional recovery, measured
by a modified Rankin Scale (mRS) score of 0-1 at 90 days, and safety outcomes such as ICH and
mortality. Results: Eight clinical trials involving 2,074 patients were included. Tirofiban plus t-PA
significantly improved functional recovery at 90 days compared to t-PA alone (odds ratio [OR] 2.23,
95% confidence interval [CI]: 1.08-4.60). In contrast, neither argatroban nor eptifibatide significantly
improved functional recovery, with ORs of 0.92 (95% CI: 0.48-1.78) and 0.63 (95% CI: 0.32-1.23),
respectively. Argatroban was associated with an increased risk of mortality (OR 3.28, 95% CI: 1.52—
7.07), whereas tirofiban and eptifibatide did not significantly increase mortality risk. None of the
studies showed a statistically significant difference in the risk of ICH. Conclusion: Tirofiban, as an
adjunct to t-PA, demonstrated superior efficacy and safety, suggesting its viability in AIS management.
Meanwhile, the association of argatroban with increased ICH and mortality raises concerns about
its use.

Keywords: Acute ischemic stroke, adjuvant therapy, t-PA, tirofiban, eptifibatide, argatroban

Copyright: © 2024 Zhen et al. This work is licensed under a Creative Commons Attribution 4.0

International License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 89
original work is properly cited.


https://doi.org/10.69854/jcq.2024.0012
mailto:toshiyuki1986.331.24ser@gmail.com

90 Adjuvant Therapy with t-PA in AIS Zhen et al.

1. Introduction

Acute ischemic stroke (AIS), being one of the leading causes of both disability and death, presents
a major global health challenge.! Over 12.2 million individuals experience a new stroke annually.
Worldwide, nearly one in four adults over the age of 25 is expected to suffer from a stroke during
their lifetime, with ischemic strokes accounting for approximately 85% of all cases.2 Of those affected,
five million individuals succumb to the condition, while another five million are left with long-
term disabilities, creating significant burdens on families and communities.> AIS occurs when blood
flow to a region of the brain is obstructed or decreased, leading to tissue injury from a lack of
oxygen.* The resulting brain injury can cause various long-term impairments, including movement
difficulties, speech issues, cognitive challenges, and emotional disturbances, all of which can severely
affect the quality of life.’ Stroke survivors frequently require prolonged rehabilitation and continuous
healthcare, putting a considerable financial strain on healthcare systems worldwide.® As the global
population ages and risk factors such as high blood pressure, diabetes, and obesity become more
prevalent, the incidence of AIS continues to grow, highlighting the urgent need for clinical research
and new treatment approaches.’

The primary aim of AIS treatment is to restore blood flow to the brain swiftly, minimizing
permanent damage and improving recovery prospects. For years, intravenous thrombolytic treatment
has been pivotal in AIS management, particularly with tissue-type plasminogen activator (t-PA).®
Medications such as alteplase and tenecteplase help dissolve clots and re-establish blood flow to
affected brain regions.” Administering these agents within a strict therapeutic window—generally
within 4.5 hours of symptom onset—can improve recovery.!? The effectiveness of thrombolysis
depends on prompt diagnosis and immediate treatment, emphasizing the need for quick action to limit
brain injury.'! Nevertheless, t-PA poses considerable risks, such as an increased risk of hemorrhagic
complications and potentially worsening outcomes.!> Consequently, there is ongoing interest in
exploring additional therapies to improve the effectiveness and safety of thrombolytic approaches.

To enhance the effectiveness of t-PA and minimize the risks associated with thrombolytic therapy,
researchers have explored various supplementary treatments, including antithrombotic drugs like
tirofiban, eptifibatide, abciximab, and argatroban.!? Tirofiban, eptifibatide, and abciximab function
as glycoprotein IIb/I11a inhibitors preventing the final stage of platelet aggregation, while argatroban
acts as a direct thrombin inhibitor to help prevent new clot formation.!*!> Early preclinical and
clinical studies indicate that using these antithrombotic agents in conjunction with t-PA may produce
synergistic effects, enhancing reperfusion outcomes and decreasing the likelihood of re-occlusion,
which is a frequent complication after successful thrombolysis.'®

Although combining antithrombotic agents with t-PA offers theoretical advantages, clinical tri-
als and observational studies have produced inconsistent results, particularly for argatroban.'”-18
Similarly, eptifibatide demonstrated possible safety and efficacy in early-phase trials but was ulti-
mately found ineffective in a larger study.!”2° In contrast, tirofiban consistently showed efficacy
across studies.?!23 Given these conflicting findings and the lack of direct comparisons, the current
network meta-analysis (NMA) aims to systematically assess the effectiveness and safety of various
antithrombotic agents as adjunctive therapies to t-PA in the treatment of AIS. By synthesizing data
from randomized controlled trials (RCTs), this study seeks to provide a comprehensive evaluation of
the relative performance of antithrombotic drugs when used in combination with t-PA.

2. Methods

2.1 Overview

This study adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for conducting and reporting network meta-analyses.”* Only randomized
controlled trials (RCTs) published in English and available in full-text format were considered for this
analysis. This network meta-analysis was registered in the UMIN Clinical Trials Registry under the
identifier UMIN000056077.2
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2.2 Search Strategy

We conducted a comprehensive literature search across major databases, including PubMed, Web of
Science, Cochrane Library, and Embase, to identify relevant clinical trials published until September
27, 2024. The search strategy employed terms related to AIS, thrombolysis, and antithrombotic
agents. Specifically, the following terms were used: tissue-type plasminogen activator OR t-PA OR
thrombolysis OR monteplase OR alteplase OR tenecteplase AND acute ischemic stroke, targeting
patients with AIS who received t-PA treatment. Additionally, we used the terms tirofiban, eptifibatide,
abciximab, and argatroban to identify studies on antithrombotic agents used in add-on therapies
with t-PA.

2.3 Eligibility Criteria

For the meta-analysis, we included studies that (1) involved adult patients diagnosed with acute
ischemic stroke, (2) evaluated the efficacy of t-PA in combination with antithrombotic agents, and
(3) reported relevant clinical outcomes, such as mortality, functional recovery, neurological assessment,
and safety. We excluded studies in which (1) thrombolysis was performed by thrombectomy or catheter,
(2) a retrospective approach was employed, or (3) relevant clinical outcomes were not reported.

2.4 Data Extraction

Two independent reviewers screened the titles and abstracts of all identified studies for eligibility.
Full-text articles were retrieved for studies that met the inclusion criteria. Discrepancies between the
reviewers were resolved through discussion or, if necessary, consultation with a third reviewer. A flow
diagram of the study selection process is provided following PRISMA guidelines. From each included
study, data were extracted on the following variables: study characteristics (author, year of publication,
study design), participant demographics (age and gender), intervention details, and clinical outcomes.
When necessary, the corresponding authors were contacted for clarification or additional data.

2.5 Outcomes

The primary outcome was achieving a modified Rankin Scale (mRS) score of 0 to 1, indicating no
significant disability, at 90 days post-admission. Secondary outcomes included the incidence of any
reported intracerebral hemorrhage (ICH) events within the first seven days of treatment and all-cause
mortality during the study period. These outcomes were chosen to capture both functional recovery
and safety-related adverse events following intervention.

2.6 Statistical Analysis

An NMA was performed using a random-effects model to estimate the relative effects of adjunctive
antithrombotic therapies in combination with t-PA. The results are presented as odds ratios (ORs) with
95% confidence intervals (CIs) for binary outcomes. Heterogeneity among the studies was assessed
using the I statistic, with values greater than 50% indicating substantial heterogeneity. Inconsistency
between direct and indirect comparisons was evaluated using the node-splitting method. Sensitivity
analyses were performed to assess the robustness of the findings by excluding studies with a high risk of
bias and using alternative statistical models. The risk of bias in the included studies was assessed using
the Cochrane Collaboration’s tool for randomized controlled trials. The Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) approach assessed the evidence level.

3. Results

3.1 Study Selection and Characteristics

A total of 1,259 studies were retrieved from four databases. Duplicate articles were removed by
software, and the first and secondary screenings were excluded, with 173, 942, and 135 studies at
each step, respectively. Finally, eight studies were included in the final analysis, comprising 2,074
patients.!7-19-23.26-28 The baseline characteristics of the included studies are summarized in Table 1.
Four studies were conducted in China, three in the USA, and one in both the USA and the UK.
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Tirofiban, eptifibatide, abciximab, and argatroban were investigated as add-on agents. However, no
RCT was available for abciximab. The studies varied in sample size, ranging from 30 to 396 participants.
The average age of participants in the treatment group ranged from 61.8 to 70.4 years, with a relatively
equal gender distribution in most studies. Most studies included patients with a baseline NIHSS score
of 10 or higher; however, one study evaluated add-on therapy in patients with an NTHSS score of
around 7.4.

Table 1. Characteristics of enrolled studies

Author Country Add-on T C Gender M/F Age_T (years) Age_C (years) NIHSS_T NIHSS_C
Adeoye 2024 USA Argatroban 59 228 149/138 69 (14.1) 67 (14.8) 12.7(7.4) 11.7(7.4)
Barreto 2017 USA and Argatroban 61 29 50/40 70.2 (14.9) 67 (13) 15.3(6.7) 12.3(7.4)
UK

Chen 2023  China Argatroban 364 396 538/222 66 (11.1) 63.7 (11.1) 93(3.7) 8744
Adeoye 2024 USA Eptifibatide 227 228 227/228 68 (15.6) 67 (14.8) 12.3(6.7) 11.7(7.4)
Pancioli 2008 USA Eptifibatide 69 25 N.S. 65.7 (18.5) 64.8 (15.6) 12.8 (6.7) 8.8 (4.4)
Pancioli 2013 USA Eptifibatide 101 25 66/60 70.4 (17.3) 72.5(15.4) 13.7(8.1) 16.7(8.1)
Li 2016 China Tirofiban 41 41 49/33 61.8 (9.5) 64.8 (8.1) 10(10.4) 10.7 (10.4)
Liang 2022 China Tirofiban 30 30 38/22 65.3(8.2) 66.5(10.3) 7.6(3.5 7439
Liu 2019 China Tirofiban 57 63 67/53 66.3 (6.0) 67.7(6.7) 11.1(5.0) 10.4 (4.6)

Note: T: treatment; C: control; M: male; F: female; NIHSS: National Institutes of Health Stroke Scale.

3.2 Functional Recovery of mRS

The network graph of studies included in the efficacy analysis is shown in Fig. 1A, which assesses
the mRS scores of 0 to 1 at 90 days. Tirofiban plus t-PA significantly improved functional recovery
compared with t-PA alone, with an OR of 2.23 (95% CI: 1.08-4.60). Argatroban plus t-PA and
eptifibatide plus t-PA did not show significant improvements over t-PA alone, with ORs of 0.92 (95%
CI: 0.48-1.78) and 0.63 (95% CI: 0.32—-1.23), respectively (Fig. 2A). The NMA showed that tirofiban
plus t-PA was superior to eptifibatide plus t-PA, with an OR of 3.35 (95% CI: 1.32-9.55), but not
superior to argatroban plus t-PA, which had an OR of 2.41 (95% CI: 0.91-6.40) (Table 2). The rank of
effectiveness, as assessed by mRS after 1,000 simulations for each treatment, was as follows: tirofiban
plus t-PA, followed by t-PA, argatroban plus t-PA, and eptifibatide plus t-PA (Fig. 3A).

(A) Argatroban + t-PA  (B) Argatroban + t-PA (&) Argatroban + t-PA

Tirofiban + t-PA

t-PA t-PA t-PA

Figure 1. Network graph of included studies for outcomes. (A) Network graph for the
effectiveness of modified Rankin Scale; (B) network graph for the safety of intracerebral
hemorrhage; (C) network graph for the safety of mortality.

3.3 Safety by ICH

The network graph of studies included in the safety analysis is shown in Fig. 1B, which assesses any
kind of ICH. Argatroban plus t-PA and tirofiban plus t-PA showed an increased trend risk of ICH
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(A) Comparison: other vs 't-PA’
Treatment (Random Effects Model) OR 95%-Cl
Argatroban + t-PA 0.92 [0.48; 1.78]
Eptifibatide + t-PA — 0.63 [0.32; 1.23]

Tirofiban + t-PA 2.23 [1.08; 4.60]

T 1
(B) 05 1 2
Comparison: other vs t-PA’
Treatment (Random Effects Model) OR 95%-Cl
Argatroban + t-PA = 1.34 [0.84; 2.12]
Eptifibatide + t-PA —_— 0.90 10.61: 1.331
Tirofiban + t-PA 2.02 [0.76; 5.34]
T I T 1
©) 0.2 0.5 1 2 5
Comparison: other vs 't-PA’
Treatment (Random Effects Model) OR 95%-Cl
Argatroban + tpA 3.28 [1.52; 7.07]
Eptifibatide + tPA 1.37 [0.77; 2.42]
Tirofiban + tPA 1.00 [0.06; 16.55]

0.1 05 1 2 10

Figure 2. A pooled analysis of the add-on efficiency and safety in acute ischemic stroke. (A)
pooled analysis for the effectiveness of modified Rankin Scale; (B) pooled analysis for the safety
of intracerebral hemorrhage; (C) pooled analysis for the safety of mortality. OR: odds ratio, CI:
confidence interval.

Table 2. League table of pairwise and network meta-analyses by random model in effectiveness

Tirofiban + t-PA
2.23[1.08; 4.60]
2.41[0.91; 6.41]
3.55[1.32;9.55]

2.23[1.08; 4.60]
t-PA

1.08 [0.56; 2.09]
1.590.81; 3.13]

1.18 [0.60; 2.29]
Argatroban + t-PA
1.47[0.63; 3.45]

1.71 [0.86; 3.43]
1.49 [0.46; 4.87]
Eptifibatide + t-PA

(A)
Tirofiban + t-PA

(B)

Tirofiban + t-PA

©)
Argatroban +t-PA  Argatroban +t-PA  Eptifibatide + t-PA

t-PA

Argatroban + t-PA

Eptifibatide + t-PA | t-PA Eptifibatide + t-PA

Tirofiban + t-PA t-PA

Figure 3. Rank of the possibility based on 1000 simulations for each treatment. (A) Pooled
analysis for the effectiveness of modified Rankin Scale; (B) pooled analysis for the safety of
intracerebral hemorrhage; (C) pooled analysis for the risk of mortality.

compared with t-PA alone, with an OR of 2.02 (95% CI: 0.76-5.34) and 1.34 (95% CI: 0.84-2.12),
respectively, eptifibatide plus t-PA did not show a significant increase in the risk of ICH over t-PA
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alone, with ORs of 1.37 (95% CI: 0.77-2.42) (Fig. 2B). The NMA showed that none of the three add-
on agents were superior in terms of ICH risk (Table S1). The rank of safety, as assessed by ICH risk
after 1,000 simulations for each treatment, was as follows: tirofiban plus t-PA, followed by argatroban
plus t-PA, t-PA, and eptifibatide plus t-PA (Fig. 3B).

3.4 Mortality

The network graph of studies included in the safety analysis is shown in Fig. 1C, which assesses
mortality. Argatroban plus t-PA significantly increased the risk of mortality compared with t-PA alone,
with an OR of 3.28 (95% CI: 1.52-7.07). Tirofiban plus t-PA and eptifibatide plus t-PA did not show
a significantly increased risk of mortality over t-PA alone, with ORs of 1.37 (95% CI: 0.77-2.42) and
1.00 (95% CI: 0.06-16.55), respectively (Fig. 2C). The NMA showed that argatroban plus t-PA was
inferior to eptifibatide plus t-PA and t-PA, with increased ORs of 2.4 (95% CI: 1.15-4.98) and 3.28
(95% CI: 1.52-7.07), respectively, for mortality (Table S2), but no inferior to tirofiban plus t-PA, with
OR 0f 3.28 (95% CI: 0.18-60.14). The rank of mortality risk after 1,000 simulations for each treatment
was the following: argatroban plus t-PA, eptifibatide plus t-PA, tirofiban plus t-PA and t-PA (Fig. 3C).

3.5 Heterogeneity, Bias, and Consistency Analysis

Moderate heterogeneity was observed among the included studies, with a high 12 value of 66.6%
(95% CI, 32.4-83.5), while heterogeneity for both ICH and mortality was 0%. However, there was a
relatively high risk of bias in studies from China due to open-label study design (Fig. S2). Inconsistency
testing using the node-splitting method revealed no significant discrepancies between direct and
indirect comparisons, indicating the reliability of the network estimates. Fixed-effect models were also
employed, and the results were consistent with those from random-effects models.

4. Discussion

This NMA evaluated the efficacy and safety of add-on antithrombotic therapies combined with t-PA
in patients with AIS. Tirofiban, when used alongside t-PA, significantly improved functional recovery
at 90 days, as measured by mRS scores, compared to t-PA alone. In contrast, neither argatroban nor
eptifibatide as add-on agents demonstrated statistically significant benefits in functional recovery.?? In
terms of safety, both tirofiban plus t-PA and argatroban plus t-PA showed a trend toward an increased
risk of ICH compared to t-PA alone. While argatroban plus t-PA was also associated with a higher risk
of mortality. Based on the treatment hierarchy, tirofiban was ranked as the most effective and relatively
safer agent, while argatroban plus t-PA and eptifibatide plus t-PA were ranked lower in efficacy and
linked with higher mortality risks.

Despite the small scale and relatively high risk of bias in studies focusing on tirofiban, the findings
are consistent with previous research suggesting that tirofiban may be a beneficial adjunctive therapy
to t-PA in AIS.3° The lack of significant benefits with eptifibatide and argatroban aligns with earlier
reports questioning their effectiveness in this setting.!*20 Although both argatroban and tirofiban
potentially increase the risk of ICH, the elevated risks of mortality associated with argatroban reflect
concerns raised in prior safety evaluations. This analysis offers comparative data, further establishing
tirofiban’s relative advantage over other antithrombotic therapies in stroke management.

This study’s findings have important clinical implications for the management of AIS. The superior
efficacy and favorable safety profile of tirofiban suggest its possible use as a viable adjunctive therapy
to t-PA, potentially improving functional outcomes without substantially increasing the risk of
mortality.’!:32 Given the critical importance of achieving functional recovery while minimizing adverse
outcomes in stroke patients, these results highlight tirofiban as a promising candidate for further
investigation in multi-center CRTs. The combination of thrombectomy or stenting with antithrombotic
agents has shown promise in enhancing outcomes for patients with AIS.33-3% These interventional
approaches, when paired with antithrombotic therapies, aim to improve vessel patency and reduce the
risk of re-occlusion, ultimately promoting better neurological recovery. However, this combination also
presents potential risks, particularly an increased likelihood of ICH, necessitating careful selection of
antithrombotic agents and dosage. Emerging evidence suggests that specific agents, such as tirofiban,
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may offer a favorable balance of efficacy and safety when used adjunctively with these mechanical
interventions.?>

Despite these meaningful findings, several limitations of this study must be acknowledged. First, the
total sample size for studies involving tirofiban or eptifibatide was under 400 cases, which introduces
potential imprecision. Second, there was a high risk of selection, performance, and detection bias
in tirofiban studies, which lowers the evidence level according to GRADE criteria. Unlike studies
on other agents involving larger and more diverse sample sizes, these studies were also conducted
exclusively within a Chinese population. The heterogeneity across studies may have impacted the
pooled estimates. Third, this analysis specifically focused on the effectiveness and safety of adjunctive
therapy to t-PA, so the effectiveness of the discussed medications in the context of thrombectomy or
stenting was not addressed.

5. Conclusion

This network meta-analysis suggests that tirofiban plus t-PA may provide superior functional recovery
with a favorable safety profile in patients with AIS compared to other add-on antithrombotic drugs.
However, argatroban was associated with an increased risk of mortality. Further large-scale RCTs are
needed to confirm these findings and investigate tirofiban’s potential as a standard adjunctive therapy
in thrombolysis for AIS.
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